Isolation and DNA sequencing of a cDNA clone
We have been determining the nucleotide sequences of cDNA clones randomly selected from a human cDNA library derived from the HT-29 colon-cancer cell line. By comparing the 5Ј partial DNA sequences of these cDNA clones with known DNA sequences in the database, we Isolation and characterization of a human cDNA encoding a protein homologous to the 7.2-kDa protein (subunit X) of bovine ubiquinolcytochrome C reductase
Introduction
The respiratory chain contains three large enzyme complexes. One of these, ubiquinol-cytochrome C reductase (otherwise known as complex III of the respiratory chain, or cytochrome bc1 complex) is an oligomeric electrontransfer entity that is present in the inner mitochondrial identified a clone, clone 177, that encoded a protein highly homologous to the bovine ubiquinol-cytochrome C reductase 7.2-kDa protein (UQCR10), the tenth subunit of the cytochrome bc1 complex. Nucleotide sequences were determined with a Perkin-Elmer (Norwalk, CT, USA) automated DNA sequencer according to the manufacturer's instructions.
Northern-blot analysis
Human multiple-tissue blots (Clontech, Palo Alto, CA, USA) were hybridized with the reverse transcriptase (RT)-polymerase chain reaction (PCR) product of clone 177, and labeled with the Megaprime labeling system (Amersham Pharmacia Biotech, Uppsala, Sweden), as a probe. Prehybridization, hybridization, and washing were performed according to the supplier's recommendations. The blots were autoradiographed with intensifying screens at Ϫ70°C for 24 h.
Construction of expression vectors of Hemagglutinin (HA)-tagged hUQCR10 and transfection
Full-length hUQCR10 cDNA was cloned into a mammalian expression vector, pcDNA3.1 (Invitrogen, Carlsbad, CA, USA), along with an HA-epitope tag (YPYDVPDYA) (Wilson et al. 1984) . Cultured COS-7 cells were plated in 6-cm culture dishes (2 ϫ 10 5 cells per dish) 24 h before transfection. Expression vectors (4 µg per 6-cm culture dish) were transfected, using FuGENE6 according to the manufacturer's instructions (Boehringer Mannheim, Tutzing, Germany). The cells were harvested 16-24 h after transfection and re-plated on multi-well chamber slides.
Immunocytochemical analysis
Transiently transfected COS-7 cells re-plated on chamber slides were fixed with phosphate-buffered saline (PBS) containing 4% paraformaldehyde, then rendered permeable with PBS containing 0.1% Triton X-100 for 3 min at 4°C.
After being washed with PBS, the cells were incubated at room temperature for 30 min in 2% bovine serum albumin, and subsequently incubated with anti-epitope (HA) rat monoclonal antibodies (Boehringer Mannheim) at 37°C for 1 h. Incubation with fluorescein isothiocyanate (FITC)-conjugated secondary antibodies (Jackson Immuno Research, West Grove, PA, USA) at 37°C for 40 min was followed by three washes with PBS. For counterstaining, anti-mitochondria antibody (Calbiochem, La Jolla, CA, USA) and rhodamine-conjugated secondary antibodies (Leinco Tech, St. Louis, MO, USA) were used in the same procedure. Nuclei were stained with 4Ј,6-diamidine-2Ј-phenylindole dihydrochloride (DAPI; Boehringer Mannheim) and observed under a fluorescence microscope (Nikon Eclipse E800; Nikon, Tokyo, Japan).
Results
Isolation and sequencing of cDNA, chromosomal localization, and genomic structure
The nucleotide and deduced amino acid sequences of the novel human gene, termed hUQCR10, are shown in Fig. 1 A homology search, using the FASTA and BLASTN programs, revealed that the nucleotide sequences of this cDNA were identical to parts of the genomic DNA sequence present in a BAC clone, bk256d12 (AC005529), that had been assigned to chromosome 22q12. A comparison of cDNA and genomic DNA sequences defined the genomic structure, which appears to span a genomic region of about (Table 1) . A FASTA search for homologies between the predicted amino acid sequence and archived proteins revealed 88.5% identity with bovine ubiquinol-cytochrome C reductase 7.2-kDa protein, subunit X of the cytochrome bc1 complex (UQCR10; Fig. 2) . Northern-blot analysis of hUQCR10, using the RT-PCR product of clone 177 as a probe, detected a single transcript of about 0.6 kb in all human tissues examined, but expression was significantly more abundant in heart and skeletal muscle, tissues that consume oxygen at a high level (Fig. 3) .
Localization of hUQCR10 in mammalian cells
To determine the subcellular localization of hUQCR10 protein, COS-7 cells transiently transfected with plasmids designed to express HA-tagged hUQCR10 were cultured on slide chambers and stained by immunocytochemistry with anti-HA antibody. This experiment revealed that hUQCR10 proteins were located in the cytoplasm, in a granular pattern (Fig. 4A) , suggesting localization in mitochondria. We then counterstained cells with a monoclonal antibody to human mitochondria (Fig. 4B ) and confirmed that hUQCR10 protein co-localized with mitochondrial protein (Fig. 4C ).
Discussion
We have described here the isolation and characterization of a novel human gene, hUQCR10, which is homologous to bovine ubiquinol cytochrome C reductase 7.2-kDa protein (subunit X). This enzymatic complex in bovine heart mitochondria consists of 11 different polypeptide subunits; subunit X is considered to play a role in the proper assembly of the cytochrome bc1 complex. In the human, ten subunits of this complex had already been identified and their primary structures determined (Islam et al. 1994 (Islam et al. , 1997 Duncan et al. 1993 Duncan et al. , 1994a Duncan et al. , 1994b Anderson et al. 1981; Suzuki et al. 1988; Hosokawa et al. 1990; Ohta et al. 1987) . The human counterpart of bovine subunit X was the only component remaining to be identified.
Northern-blot analysis showed abundant expression of hUQCR10 in heart and skeletal muscle. Since ubiquinolcytochrome C reductase is involved in the respiratory chain, this observation was consistent with the high consumption of ATPs for the contraction and relaxation of muscles in those organs. The subcellular localization of hUQCR10 in mitochondria, which we detected by immunocytochemical analysis, strongly supported our conclusion that the product of the gene reported here is a component of ubiquinol cytochrome C reductase. Mitochondria play crucial roles in the regulation of apoptosis (Green and Reed 1998) , and cytochrome C is a key molecule in this process. As the hUQCR10 gene appears to be involved in the regulation of the redox status of cytochrome C (Kluck et al. 1997) , further investigations into its function should bring new insights not only into the functions of the mitochondrial respiratory chain but also into the mechanism of apoptosis.
